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Summary  This  paper  present  design  analysis  of  rotary  turret  plate  of  5  kg  capacity  for  food
product packaging  machine.  The  turret  plate  has  been  designed  considering  two  different  crite-
ria, ﬁrst  one  is  inertia  force  approach  with  only  self-weight  of  turret  plate  and  second  is  with
mass of  pouches.  A  3-dimenssional  CAD  model  of  rotary  turret  assembly  has  been  prepared
in using  solid  modelling  packages  CRE-O.  The  ﬁnite  element  analysis  (FEA)  of  turret  plate  has
been carried  out  using  analysis  software  ANSYS  15.0.  Consideration  of  inertia  force  is  one  of
the criteria  to  analyze  the  performance  and  behaviour  of  component  in  working  condition.  The
rotational velocity  is  applied  at  the  central  axis  of  turret  and  friction  less  support  is  applied  on
inner surface,  where  shaft  is  being  attached.  Also,  pressure  is  applied  on  the  same  surface  to
incorporate  the  shrink  ﬁt  condition  of  the  assembly  of  turret  plate  with  shaft.  The  boundary
conditions  as  ﬁxed  support  have  been  considered  at  the  different  sixteen  faces,  where  bolts
have been  attached.  The  obtained  simulation  results  for  induced  stress,  deformation  and  strain
depict that  the  modiﬁed  design  of  rotary  turret  plate  is  well  within  the  allowable  stress  limits  of
considered material.  And,  further  optimization  can  be  performed  for  topological  and  strength
based more  efﬁcient  design  of  turret  plate.
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ntroductionoucher  machine  is  horizontal  type  form,  ﬁll,  seal  machine
hat  produces  stand-up  re-closable  pouches  from  roll-stock.
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he  rotary  turret  assembly  indexes  the  pouches  to  eight  dif-
erent  stations.  Each  pouch  will  be  opened,  ﬁlled,  closed,
op  sealed  and  discharged  at  these  stations.  Flat  roll  stock
lm  is  formed  into  either  Fin  or  Gusset  pouches,  which  are
eat  sealed  by  the  individual,  temperature  controlled,  seal
ars.  The  dual  servo-driven  feed  roll  system,  in  conjunc-
ion  with  a photo  registration  Sensor,  produces  pouches  of
equired  width.  Registered  pouches  are  cut  and  transferred
nto  the  ﬁlling  and  closing  turret.  Pouch  detection  system
nsures  that  pouches  are  in  position  before  ﬁlling  is  released
n  order  to  minimize  product  loss.  The  individual  pouches
re  opened  and  ﬁlled  with  product  then  conveyed  to  the
icle under the CC BY-NC-ND license (http://creativecommons.org/
Design  analysis  of  rotary  
c
l
i
a
f
F
T
d
r
i
(
(
s
t
p
c
a
f
t
F
a
b
a
b
1
e
—
m
r
t
i
f
t
t
t
w
a
pFigure  1  Rotary  turret  assembly,  isometric  view.
top  seal  area.  The  ﬁlled  pouches  are,  then,  deﬂated,  closed
and  top-sealed.  The  completed  pouches  are  picked  off  and
placed  onto  a  customer-supplied  discharge  system.
Qi  and  Shen  (2015)  conducted  the  aero-thermal-structure
coupled  analysis  of  a  high  pressure  turbine  disk  for  multidis-
ciplinary  design  optimization  of  turbine  disks  based  on  ANSYS
workbench  platforms.  Alena  et  al.  (2014)  carried  out  analy-
sis  in  ANSYS  Workbench  —  Polyﬂow  program  to  ﬁnd  out  core
stress  induced  in  rotary  disk.  Chen  and  Zhu  (2011)  have  done
the  ﬁnite  element  analysis  and  optimization  of  Yj3128-type
Dump  Truck’s  sub-frames  based  on  ANSYS.  Kumar  and  Reddy
(2013)  carried  out  design  and  analysis  of  CNC  rotary  table  of
size  500  ×  500  mm  to  support  and  hold  components  weighing
up  to  8000  N  for  machining.
Main  concern  of  this  paper  is  the  development  of  turret  of
rotary  poucher  machine  to  handle  pouches  of  5  kg  capacity
of  food  products  packaging.  For  that  ﬁnite  element  analy-
sis  and  optimization  of  turret  plate  has  been  carried  out  to
check  the  strength  of  turret  as  main  component  of  poucher
machine.
3-Dimenssional CAD modelling of rotary turret
assembly
The  rotary  turret  assembly  indexes  the  pouch  clamps
through  eight  stations.  The  turret  clamp  plate  is  positioned
over  the  stationary  oscillating  ring  cam.  It  rotates  on  a  cen-
tre  hub  that  mounts  to  the  gearbox  and  is  connected  to  the
support  column.  The  gearbox  is  powered  by  a  servo  motor.
Fig.  1  shows,  the  3D  CAD  model  created  using  CRE-O
of  the  rotary  turret  plate  assembly  including  pouch  clamps
at  all  eight  stations.  During  each  machine  cycle,  the  tur-
ret  plate  rotates  one  position  indexing  the  pouch  clamps
through  the  stations.  The  pouch  clamps  carry  the  pouches
to  eight  index  stations  around  the  turret.  Each  pouch  will
be  opened,  ﬁlled,  closed,  top  sealed  and  discharged  at
these  stations.  The  pouches  are  removed  from  the  pouch
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Figure  2  Analysis  setup  for  inertia  311
lamps  and  placed  on  a  discharge  conveyor.  The  cam  fol-
ower  extends  from  each  clamps  set  through  and  indentation
n  the  turret  plate.  It  rides  against  the  oscillating  ring  cam
nd  causes  the  clamps  to  move,  or  pitch,  closer  together  or
urther  apart.
inite element analysis of rotary turret plate
he  rotation  of  turret  plate  is  intermittent.  The  servo  motor
rives  the  turret  rotary  plate.  The  thickness  of  the  tur-
et  plate  is  25.4  mm  thick.  The  material  for  turret  plate
s  considered  as  Aluminium  T6061  properties  as:  7.310e+10
Young  modulus  (N  m−2)),  0.33  (Poisson  ratio),  2710  (density
kg  m−3)),  2.36e−5 (thermal  expansion  (K)),  2.41e+8  (yield
trength  (N  m−2)).
Calculating  induced  stresses  inside  component  by  iner-
ia  force  procedure  is  one  of  the  method  of  analysing  the
erformance  and  behaviour  of  component  in  its  working
ondition.  The  Rotational  velocity  is  applied  at  the  central
xis  of  the  turret  about  which  it  rotates  and  is  calculated
rom  the  servo  motor  output  rpm  and  the  reduction  ratio  of
he  gearbox  mounted  between  turret  hub  and  servo  motor.
rictionless  support  is  applied  on  inner  surface  which  is
ttached  with  shaft.  Also,  pressure  is  applied  to  that  surface
ecause  turret  plate  is  shrink  ﬁtted  on  shaft.  According  to
ssembly,  ﬁxed  supports  are  applied  on  eight  faces  at  which
olts  are  attached.  Here  analysis  is  carried  out  by  ANSYS
5.0  software  package.  Mash  properties  considered  as:  rel-
vance  centre  —  ﬁne;  element  size  —  2.e−003  m;  smoothing
 medium;  number  of  nodes  —  1,854,250;  number  of  ele-
ents  —  1,191,342.  Fig.  2  shows,  the  analysis  setup  for  the
otation  velocity  inertia  approach  to  obtain  stress  induced  in
he  rotary  turret  plate.  The  plate  is  ﬁxed  at  PCD  of  mount-
ng  holes  and  the  pouches  will  move  and  apply  centrifugal
orce  on  the  plate.  Remote  forces  are  applied  to  represent
he  mass  of  pouches.
The  distribution  of  Von-Mises  (equivalent)  stresses  over
he  turret  plate  using  ﬁnie  element  method  based  simula-
ion  approach  is  shown  in  Fig.  3.  From  the  obtained  results
e  can  observe  that  the  maximum  localized  surface  stresses
re  produced  at  the  inner  surface  of  PCD  holes,  where  turret
late  is  assembled  with  rotating  mechanism  using  fastening
olts.  The  magnitude  of  this  induced  localized  surface  stress
s  well  within  the  permissible  limit  of  stresses  for  the  con-
idered  material.  Fig.  4  shows  the  overall  deformation  of
urret  plate  under  considered  boundary  conditions  based  on
load  case  with  mass  of  pouches.
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Figure  3  Von-Mises  stress  analysis,  maximum  stress  at  PCD  hole.
Figure  4  Total  deformation,  maximum  deformation  at  outer  most  region.
Table  1  Resultant  values  of  analysis.
Equivalent  stress  (Pa)  Total  deformation  (m)  Equivalent  strain  (m/m)
Minimum  503.96  0  7.538e−009
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nertia  forces.  The  obtained  results  indicate  the  maximum
eﬂection  of  turret  plate  of  magitude  3.5794e−005  m  and
orresponding  strain  value  of  1.1383e−004.  Table  1  sum-
arize  the  minimum  and  maximum  values  of  equivalent
tresses,  deformation  and  equivalent  strains  induced  in  tur-
et  plate  under  considered  boundary  conditions.
onclusion
he  presented  strength  based  analysis  of  rotary  turret  plate
onsidering  inertia  force  due  to  weight  of  ﬁlled  pouches  and
onsidered  boundary  conditions  has  been  found  to  be  safe,
s  obtained  ﬁnite  element  based  simulation  results  are  well
ithin  the  permissible  limit  of  the  material  considered  for
urret  plate  Aluminium  T6061.  The  performed  analysis  also
eveal  that  the  thickness  of  turret  plate  25.4  mm,  which  is
sed  for  the  250  g  weight  of  pouch  is  not  affected  by  increase
f  weight  of  pouch  to  5  kg.  This  analysis  can  also  be  fur-
her  extended  for  the  mass  based  optimization  of  the  rotary
urret  plate.
Q5794e−005  1.1383e−004
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